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The Effects of Electrolytes Upon the Rate of
Trying of Tennessee Ball Clay.
Forms of Colloids- The colloids found in clay slips
may exist in two characteristic forms (1) as a homogeneous suspen-
sion in a liquid in the form of a "sol 11 and (2) as a continuous
jelly with pore walls and pores filled with a liquid and called a
"gel". Solids are included under (2) as a limiting case.^
When "gels" or "sols" are in water suspension they are
known as hydrogels or hydro3ols, when in alcohol as alcosols,etc
.
There is also an independent classification of colloids
ie, reversible and irreversible. The former are those colloids
which when coagulated, can be made to return to their original con-
dition, while the latter will not so revert. The passing from sol
to gel is called "coagulation" that from gel to sol , "pept inization"
.
But when granular matter is present, Ashley prefers the terms
flooailation for the former and defl escalation for the latter.
Irreversible colloids carry an electric charge and are
quickly coagulated by the addition of electrolytes, carrying an
opposite charge, while the reversible ones are not so affected.
The irreversible hydrosol changes into a hydrogel or separates
from the liquid in a gelatinous or amorphous condition. Hardy' | 2
1. Ashley,Bull. 388 U. S. Geological Survey
2. Hardy W.B., Mechanism of Gelatines in Reversible Colloidal
Systems
.
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clasni fi cation of reversible or irreversible colloids is based on
whether the dried residue is soluble or insoluble in the solvent
employed Pflschl^ remarks that all aqueous solutions in coagula-
tion are not homogeneous, some leave behind an aqueous residue,
others an insoluble one. Zsigmondy4 mentions the following as
examples of the two classes: Reversible; dextrine, gum arabic,
albumins, molybdic and molybdic oxide; Irreversible; stannic
acid, many colloidal oxides and sulphides, RamannS mentions clay
hydrate, hydrated silic acid and ferric hydroxide.
The question in the case of clay is whether it can be
classed as irreversible or not, although very sensitive to elec-
trolytes. When the flocculating agent is washed out, defloccula-
tion takes place. Also the coagulating effect of MgS04 may be
partly neutralized by NA CO , Thus a classification of clay as
3 3
irreversible based on the effect of electrolytes will not hold.
Although according to Hardy's classificaticn based on the solu-
bility of the dried residue clay would be classed as irreversible.
Ashley ^ remarks that with few exceptions, clays repre-
sent the amorphous or colloidal appearance, any crystalline matter
present being largely marked by a coating of colloidal matter.
He gives the following comprehensive definition for
3. Pflschl, Chemistry of Colloids
4. Zsigmondy, Colloids and the Ultra-Miscroscope
5. Ramann, Colloidal Studies in Sojl Work
6. R. Riecke, Sprechsaal Kalender thru Pottery Gazette 38-1153

3.
clays : "A mixture of minerals of which the most prominent mem-
bers are silicates of aluminum, iron, the alkalies and alkaline
earths
.
n
Kaolin (Al , 3 SiO , 2H 0) is the principal constituent
3 3 3 3
of pottery clays, being the final product of the breaking down
of feldspar. The kaolin may show crystal faces but usually the
faces are irregular. These grains are usually coated with a col-
loid, the colloidal substance being a hydrous silicate, iron,
manganese and aluminum hydroxides, or organic colloidal matter.
Quartz and mica grains have this coating to a less degree.
7
Schlaesig in 1874 made an examination of a number of
clays and isolated the colloids, thus proving that clays are
colloidal
.
Ashley ^ summarises this discussion on the colloidal
matter in clays as follows: "The colloidal matter in clays are
therefore ncn-crystalline, hydrated gelatinous aluminum silicates,
organic colloids
,
gelatinous silic acid and hydrated ferric
oxide. Rarely there may be present aluminum hydrate.
Effect of Electrolytes on Viscosity- According to
Ashley1 most of the colloidal matter in very plastic clay is in
hydrogel condition, very little in the hydrosol form. Such clays
in their natural beds have enough dissolved salts, i.e. CaSO, to
4
keep them coagulated. Clays not coagulated have very little ad-
hesive and cohesive properties.
7. Comp. Rend Vol. 79, 187 4, pp. 376-380, 473-477. Thru Bull.
#388, U, S. Geological Survey

4.
Rohland B makes very definite statement as regards
plasticity and states that the real reason for plasticity is that
clays in the air dried state contain substances in the colloidal
condition, and forms hydrogels in contact with water and further
that these substances in the colloidal state possess plastic prop-
erties. He explains that the plasticity of a given clay depends
on the amount of hydroxyl ions present in water. When this is
large the negatively charged clay particles will go into suspen-
sion. When the hydroxyl concentration is depressed as by the
addition of acids or depression of temperature, the clay will
assume the gel condition and become plastic.
Rohland formulated a set of rules for decreasing
plasticity "For decreasing plasticity may be used all bases, or-
ganic and inorganic, all salts of strong bases with weak acids
which hydrolytically split off OH ion3 in large amounts. To this
group belong potash, soda, salts of phosphor io acids and salts of
silic acid". He concludes that neutral salts appear to behave in-
differently as NaCl, M SO , KnO etc.
2 4 3
Hardy 2agrees that a sol is coagulated when its static
charge is neutralized. Ashley* further explains that the positive
ion is the most effective in causing the precipitation or the co-
agulation, the acid ion taking little part.
The power seems to vary but little with different pos-
itive ions of the same value. Ashley gives figures to show that
the trivalent ion has sixty times the power of the monovalent and
8. Rohland, The Colloidal and Crystalloidal State of Matter.
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the trivalent six hundred times that of the monovalent
The theory of coagulation is also based on electro-
static laws. According to this theory coagulation occurs when
the ions added or already present attract to themselves the par-
ticles i n the colloidal state carrying opposite electric charges.
They form complexes with them which gradually sink to the bottom.
But when ions and colloidal particles of the same charge meet, a
repulsion of the particles occurs so that the colloidal state is
maintained.
There is another cause for coagulation besides the one
given above, due to the removal of the water of the colloid by
such electrolytes a3 CaCl„, A1C1 , and FeCl . These have high
2 3 3
affinity for water and readily hydrate. The v;atsr of the colloids
may amount to 5 - 10 percent of the total, when the colloidal en-
velope is destroyed and the suspended granular matter settles or
coagulates .*
VISCOSITY
A measure of relative viscosity may be used as a means
to determine the degree of coagulation or deflocculation of clays.
It has been shown that the causes of coagulation and defloccula-
tion are due to the influence of electrolytes upon the colloids in
clay. Different electrolytes added to clay slips produce different
results
.
Rohland ° found that neutral salts behaved indifferentl y
and also the 7/ork of Ashley supports his conclusions.
1. Ashley, Bull. 388 U. S. Geological Survey
8. Rohland, The Colloidal and Crystalloidal State of Matter,

6Masoni remarks that chlorides have greater coagulating
effects than the sulphates. Riecke formulated a set of rules for
the effects of sulphates.
1. Soluble sulphates when added in small quantities to
clay slips inorease their viscosity CuS04 , A1_(S0 ) 3
and sulphates of heavy metals are the most effective.
3, Ull sulphates have a stiffening effect when added in
small amounts, slightly larger amounts produce liquefac-
tion, but still larger amounts cause a further increase
in viscosity.
3. The efficiency expressed as the ratio of the increased
viscosity to the original viscosity increases considerably
in all cases when the amount of added sulphates is small,
but with larger amounts may diminish."
The effect of NaoC0, as a deflocculator is very inter-
10
esting. "eubert did work to ascertain the cause of the liquefac-
tion of clays. He concludes - "The effect of alkalies are closely
connected with the presence in clays of humic substances
in the form of dried gel, in a very fine state of subdi-
vision. When the clay is brought in contact with an alkali
solvent, the clay particles adsorb OH ions and in conse-
quence of the electr i cSftntuB acquired repel one another,
thus causing the mixture to appear more liquid. This effect
is opposed by stiffening action produced by the swelling of
the clay particles and rises to a maximum with still higher
concentrations of alkali; the clay particles are coagulated
which results in stiffening but gradually the alkali dis-
solves the humic substances, and thus induces the further
subdivision of the clay particles, while the alkali humates
act as a protective colloid and hide the segregation of the
particles of colloids. This is the cause of the so-called
'r el iquefaction 1 , of the fact that when a greater concen-
tration of alkali is added than necessary to produce max-
imum liquefaction, the mixutre first becomes stiffer but
on standing becomes less viscous. n
Viscosity is only one of the changes in the physical
state caused by the addition of electrolytes, another very impor-
tant one is the drying shrinkage.
9. ilasoni Staz, Spec. Agr . Ital.
10. Heubert, J. R. Sprechsaal 46-523-4

7.
Bleininger 11 found that the effect of coagulators, i.e.
Hcl , decreased the total drying shrinkage and that the addition
of deflocculators increased it, which is opposite to the work
done by Rohland, since he considered drying shrinkage a measure
of the plasticity, Bleininger did not attempt to explain this
phenomena. Although the total drying shrinkage is very important
in the fitting of bodies and clay slips or engobes, the rate of
drying is of equal importance.
o
if)
^^^^^ E.'..
Time
Suppose the ordinate AB represents the total volume
shrinkage and the ab3ci3sa BB* represents the time.
ACB' = Drying curve of the body. Now if AD represents
the drying curve of the slip^ and the slip, although having the
same total shrinkage, the rate of drying is faster than the body
ard cracking will result. If the rate of drying of the slip is
slower than that of the body i.e. the curve AE, then flaking will
result. Thus a control of the rate of shrinkage is useful in
practical work. As no work (as far a3 I could ascertain) has been
done upon this subject, work was done to find out if the rate of
drying could be controlled by the addition of electrolytes, since
they exercise great influences upon the physical properties of
Clays
.
11. Bleininger, Bull. No, 17 Dept. Cer. U. of I.

8.
The manipulations for the experiments were as follows:
PREPARATION
Tennessee Ball Clay No. 7 was made into a slip by blung-
ing the raw clay in a ball mill with distilled water. After a
homogeneous slip was prepared, slip equivalent to 25 grams of dry
clay was carefully weighed into jars, which had been thoroughly
cleansed in distilled water and then dried, water and electrolytes
were then added to make a volume of 130 cc . of solution for each
sample of clay.
The slips were run through a modified form of the
tube viscosimeter which had been previously standard-
ized with water. The mean of several readings was taken, this
result being used in plotting the curve. The relative viscosity
as plotted on the ordinate (Plate 1, 3, 3) -
Time in seconds for slip to run through the viscosimeter
Time in seconds for water to run through the viscosimeter
The solutions of electrolytes were made up by dis-
solving the C. P. chemicals in distilled water and various methods
of standardizations were employed. CaCl_ and A1C1 solutions were
c, 3
analyzed. Hcl and H^OgH^Og solutions were made by mixing the
standard C. P. acids with distilled water in a volimetric flask.
The MgSO^ solution was standardized by drying 25 cc. in a casserole
ignited to 200° C. (in order to remove chemical water) cooled in
a dessicator and weighed.
The UasCOg and NaCl were standardized by drying 25 cc.
in a casserole at 100° C, cooled as before and weighed.
From the viscosity curves Max. and Min. points were taken,

9.
also other conspicuous points, besides the Max. amount of elec-
trolyte used. (Points are denoted by red circles on PLATES 1,
2,3 ) . These different amounts of electrolytes were added to dis-
tilled water to make 40 cc. of solution for each 100 grama of the
dry clay. The bodies were thoroughly wedged and placed in a wet
can for twenty four hours. Two briquettes being made up of each
body and placed on glass plates which had been previously weighed.
Pins were stuck in the briquettes in order to measure shrinkage.
The briquettes were again placed in a wet can for twenty four
hours and were then weighed on fine balances to .01 grams, the
distances between the pins being measured with micrometer calipers.
These briquettes were dried gradually by admitting air
into the wet can and frequently changing the position of the clay
bars on the pallet, in order that all would be subject to equal
drying conditions. They were weighed and measured every other day
until the 13th day when loss of water and shrinkage had practically
ceased
.
They were then dried four days in the open air, weighed
and measured again, then dried four hours at 100° C. and the dry
lengths and weights taken.
The percentage water los3 and shrinkage (based on dry
weight and dry length) were calculated for each day and the results
plotted.
CONCLUSIONS
The viscosity curves (PLATES 1, 2, 3) corroborate results
found by other writers. As no new results were discovered it is
not necessary to go into further detail as to the flocculation and
deflocculation of clays.
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10.
Because of the movement of the pins when the bri-
quettes were wet it is impossible to get an accurate measure of the
total shrinkage although, he rate of shrinkage measurements are
very uniform in results. Bleininger"1"^ investigated total shrink-
age of clays by using a volume nometer (Linear measurements not
being sufficiently sensitive), but this would not be practical
when shrinkage measurements are to be taken every day, except that
a large number of briquettes be made.
From the curves (FLATES 4, 5, 6, 7, 8) we find that the
addition of soluble salts decreased the rate of water loss and
also the drying shrinkage, independent of whether the amount used
caused Max. or Min. viscosity.
The addition of soluble salts decreased the rate of
water loss and shrinkage independent of whether the salts were
flocculators or deflccculators
.
The addition of 2.5 percent of all salts used, with the
exception of KgSO^ showed decrease in the rate of drying, although
in the latter there was a small decrease. Therefore, the rate of
drying decreases as the amount of soluble salts increases. This
phenomena was more noticeable in the case of highly deliquescent
salts than in those that do net take up water so readily. Thus
UgS0„ does not absorb water so fast as the others and reduces the
rate of drying less. In the case of soluble salts it is probable
that the cause of slower drying is due to the salts robbing the
colloids of the water and thus causing a coagulation of the sols.
The acid electrolytes (FLATES 9 and 10) showed a marked
difference in the rate of drying compared with salts. The addi-
tion of large percents of acid, 2.5 percent in the case of

11.
H C r)H 0_ and, 3 percent of HC1 showed very little difference in
o o 3 3
drying behavior from ball clay and water alone, although these
acids are strong ccagulators. This effect may be due to the var-
ious compounds formed by the acids within the clay and also, that
naturally these do not hydrolyze.
These results show that in order to increase the viscos-
ity of slips and indirectly the plasticity of clay without in-
creasing the time of dry lug , acids are preferable to soluble 3alts.
Also to regulate the dryinr of slips on single burned ware so that
flaking or cracking, will not result, soluble salts may be added
advantageously and will decrease the rats of drying.
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